INTRODUCTION {#sec1-1}
============

Doxorubicin (DOX) is one of the most active anthracycline antibiotics that has been used for long time in the therapy of array of human malignancies such as, hematopoietic, lymphoblastic,\[[@ref1]\] and solid tumors\[[@ref2]\] either alone or combination with other cytocidal agents.\[[@ref3]\] The clinical usefulness of DOX, however, has been hampered by its detrimental cardiac toxicity,\[[@ref4]\] so the cardiac protection during the use of DOX in the treatment of cancer can be achieved by limiting its cumulative dose.

Several *in vivo*--*in vitro* studies have demonstrate that reactive oxygen metabolites including free radical species, superoxide anions (O^-●^), hydrogen peroxide (H~2~O~2~), and hydroxyl radicals (^●^OH) are the important mediators of tissue injury.\[[@ref5]\] The involvement of oxygen radical injury of membrane lipid has been reported as the main causative factor for DOX-induced cardiotoxicity.\[[@ref6]--[@ref9]\] DOX form semiquinone free radicals by reducing one electron,\[[@ref6]--[@ref9]\] this free radical donates its electrons and forms superoxide anions.\[[@ref10]\] The dismutation of superoxide yields hydrogen peroxide (H~2~O~2~).\[[@ref11]\] Under biological conditions semiquinone reductively cleaves hydrogen peroxide to produce hydroxyl radicals which is the most reactive and destructive species. This leads to lipid peroxidation causing irreversible damage of the membrane structure and function.\[[@ref12]\]

Metabolic machineries of heart tissue are very active and antioxidant resources are very low in this organ compared with other organs in the body, made heart quite vulnerable to free radical damage by DOX\[[@ref13]\] which ultimately leads to cardiotoxicity.

In this study, we estimate the effect of combination of two drugs, i.e. *p*-coumaric acid (PC) and naringenin (NR) against cardiotoxicity caused due to the DOX use in the treatment of cancer.

PC is the phenolic acid widely distributed in plants and forms the part of human diet.\[[@ref14]\] Sources of phenolic acid are peanut, tea, coffee, wine, chocolate, beer, etc.\[[@ref15]\] The antioxidative mechanism of phenolic acid includes binding of metal ions, scavenging of reactive oxygen species (ROS), reactive nitrogen species (RNS), or other precursors and upregulation of endogenous antioxidant enzyme or the repair of oxidative damage to biomolecules.\[[@ref16]\] Recently interests in food phenolics have increased due to their role of antioxidants and scavengers of free radicals and their implication in the prevention of many pathological diseases such as cardiovascular\[[@ref16][@ref17]\] and certain types of cancer.\[[@ref18]\]

Also the other drug used in the study, i.e. NR is flavonoids from the class of benzogamma pyron having high pharmacological potency. Sources of NR are grape fruit, orange, and lemon. Due to their free radical scavenging and ion chelating properties\[[@ref13]\] flavonoids can be consider as a possible potential protector against DOX-induced cardiotoxicity.

In this study, the cardioprotective effect of combination of both drugs in male Swiss albino rats challenge with a single cumulative dose of DOX. Also with this, the effect of this combination on antioxidant enzymes such as SOD (superoxide dismutase), CAT (catalase), GSH (glutathione), MDA (malondialdehyde) is also determined.

MATERIALS AND METHODS {#sec1-2}
=====================

Drugs {#sec2-1}
-----

Doxorubicin (Dabur research laboratory, Ghaziabad), *p*-coumaric acid (PC Chem, Mumbai), Naringenin (Sigma chemicals), and Vitamin E (E Merk, Mumbai) were obtained.

Chemicals, reagent, solvents {#sec2-2}
----------------------------

Disodium hydrogen phosphate (Na~2~HPO~3~), 5, 5-dithiobis-(2-nitrobenzoic acid) (DTNB), EDTA, pyrogallol, tri-chloroacetic acid, Tris-HCl buffer, and thio-barbituric acid were used.

Equipments {#sec2-3}
----------

Centrifugation machine (REMI, Mumbai), Tissue homogenizer, and UV spectrophotometer (Double Beam) (Teknik, an ISO 9001--2000 company) were also used.

Animal selection {#sec2-4}
----------------

Fifty-four Swiss albino rats, weighing 180--200 g, were obtained from our animal breeding facility of Sudhakarrao Naik Institute of Pharmacy, Pusad. Rats were maintained in our facility under standard laboratory conditions (the photoperiod was 12 h artificial light and 12 h darkness, at 20--23°C with humidity 65--67%) and all the pharmacological experimental protocols were approved by the Institutional Animal Ethics Committee (Reg no: SNIOP/264/03c/ CPCSEA, Feb 2009).

Experimental design {#sec2-5}
-------------------

Animals were divided into nine groups with six animals in each group. It is a 30-day study in which Group I (vehicle control) receive 1 ml saline solution daily, Group II receive saline water up to 29^th^ day and at 30^th^ day a single dose of DOX 15 mg/kg body weight (i.p.), Groups III and IV receive PC daily 100 mg/kg/day p.o. and 200 mg/kg/day p.o., respectively, for 30 days. Group V receive NR15 mg/kg/day p.o. for 30 days. Group VI receive a reference drug, i.e. Vitamin E 100 mg/kg/day p.o., Group VII receive PC daily 200 mg/kg/day p.o. up to 29^th^ day and at 30^th^ day a single dose of DOX 15 mg/kg/day i.p. was given. To Group VIII, NR 15 mg/kg/day and PC 200 mg/kg/day p.o. up to 29^th^ day were given and at 30^th^ day a single dose of DOX was given. To Group IX Vitamin E 100 mg/kg/day was given up to 29^th^ day followed by one single dose of DOX 15 mg/kg/day i.p. at 30^th^ day.

Treatment schedule {#sec2-6}
------------------

The treatment schedule is described in [Table 1](#T1){ref-type="table"}.

###### 

Treatment schedule-number of groups with their treatment schedule is presented

![](PR-3-214-g001)

Estimation of superoxide dismutase {#sec2-7}
----------------------------------

Twenty milligrams of heart tissue homogenised in potassium phosphate buffer (50 mM/l, pH 7.4) at 10,000 rpm at 4° C in cooling centrifuged for 20 min of supernatant use to measure the activity of SOD. SOD activity was determined by assessing inhibition of pyrogallol auto-oxidation, pyrogallol (24 mM) was prepared in 10 mM HCl and kept at 4°C before use. Aliquots of supernatant were added to Tris--HCl buffer (pH 8.5) containing 25 μl pyrogallol and then mixed thoroughly and changes in the absorbance were recorded at 1 min interval for 3 min.\[[@ref19]--[@ref21]\]

Estimation of catalase {#sec2-8}
----------------------

A heart tissue homogenate was prepared in potassium phosphate buffer (50 mM/l, pH 7.4) with the ratio of 1:10 w/v. The homogenate was centrifuged at 10,000 rpm at 4°C in the cooling centrifuged for 20 min. CAT activity in the tissue homogenate was assayed according to the method of Clairborne (1985). In this method, the decomposition of H~2~O~2~ (19 mM/l) due to the CAT activity was assayed by the decrease in absorbance of H~2~O~2~ at 240 nm.\[[@ref22][@ref23]\]

Estimation of glutathione {#sec2-9}
-------------------------

GSH accounts for the majority of soluble reduced sulfhydryl in the cell.\[[@ref23][@ref24]\] GSH in cardiac tissue was determined by measuring the total soluble sulfhydryl content. GSH was determined by utilising 5,5'-dithio-bis(2-nitrobenzoic acid) (Ellman reagent). The homogenised heart tissue in 0.02 M EDTA was mixed with water and 50% tri-chloro acetic acid, the tube was shaken for 10--15 min, centrifuged at 3000 rpm for 15 min. In the supernatant, sulfhydryl concentration was determined photometrically following the method of Ellman.\[[@ref23][@ref24]\]

Estimation of lipid peroxidation malondialdehyde (TBARS) {#sec2-10}
--------------------------------------------------------

The measurement of heart lipid peroxide by a calorimetric reaction with thio-barbituric acid was done as described by Okhawa *et al*. In this, 10% tissue homogenate, 30% tri-chloroacetic acid, and 0.8% thio-barbituric acid were added, this tube was covered with aluminium foil and kept in a shaking water bath for 30 min at 80°C, then kept that tube in ice cold water at 30°C and centrifuged at 3000 rpm for 15 min.\[[@ref25][@ref26]\]

Absorbance of the supernatant was noted at room temperature against a appropriate blank (blank consist of 1 ml distilled water, 0.5 ml 30°C tri-chloroacetic acid and 0.5 ml of 0.8% thio-barbituric acid).

Statistical analysis {#sec2-11}
--------------------

All the experimental results are given as the mean ± SEM. Comparison between experimental and control groups were performed by ANOVA, followed by Dunnett\'s test for *post hoc* comparison, when appropriate. A value of *P* \< 0.05 was considered to be significant, while *P* \> 0.05 was non-significant.

RESULTS {#sec1-3}
=======

Effect of *p*-coumaric acid and naringenin on doxorubicin-induced tissue superoxide dismutase activity {#sec2-12}
------------------------------------------------------------------------------------------------------

The SOD activity showed a significant (*P* \< 0.01) decrease in Group II when compared with Group I. Groups IV and VIII showed a less significant (*P* \< 0.05) increase where as Groups VI and IX showed a significant (*P* \< 0.01) increase in SOD activity when compared with Group I. However, Groups III, IV and VII showed a less significant (*P* \< 0.05) increase and significant (*P* \< 0.01) increase in SOD activity of Groups VI, VIII and IX when compared with Group II.

Effect of *p*-coumaric acid and naringenin on doxorubicin-induced tissue catalase activity {#sec2-13}
------------------------------------------------------------------------------------------

Group II showed a significant decrease in CAT activity when compared with Group I (*P* \< 0.01). Groups III, VII, VIII and IX showed a less significant (*P* \< 0.05) increase in CAT activity where as Groups IV and VI showed a significant (*P* \< 0.01) increase in CAT activity when compared with Group I. Groups III and VIII showed a less significant (*P* \< 0.05). Groups IV, VI, VII and IX however showed the significant (*P* \< 0.01) activity when compared with Group II.

Effect of *p*-coumaric acid and naringenin on doxorubicin-induced tissue glutathione activity {#sec2-14}
---------------------------------------------------------------------------------------------

The blood GSH levels of disease control, i.e. DOX-treated group (Group II) showed a significant (*P* \< 0.01) decrease when compared with normal control (Group I). Groups IV and VI exhibit a less significant (*P* \< 0.05) increase in the GSH level when compared to Group I. While in Groups IV, VIII and IX GSH levels were less significant (*P* \< 0.05) and in Group VI it was restored significantly when compared with Group II.

Effect of *p-coumaric* acid and naringenin on doxorubicin-induced tissue thiobarbituric acid reactive substance levels {#sec2-15}
----------------------------------------------------------------------------------------------------------------------

The TBARS concentration of Group II showed a significant (*P* \< 0.01) increase as compared to Group I. VI shows a significant (*P* \< 0.05) decrease in TBARS concentration compare to Groups I and II. Groups IV, VIII and IX showed a less significant (*P* \< 0.05) decrease in TBARS concentration while Group VI exhibited a significant (*P* \< 0.01) decease when compared with Group II.

DISCUSSION {#sec1-4}
==========

DOX is a broad spectrum antibiotics used as a chemotherapeutic drug for the treatment of different forms of human neoplastic disease.\[[@ref27]\] However, the clinical use of anticancer drug is greatly limited by its dose-dependent cardiotoxicity.\[[@ref28]\] Free radicals generation and lipid peroxidation have been suggested to be responsible for DOX-induced cardiac toxicity.\[[@ref29][@ref30]\] These oxygen derived radicals causes severe damage to plasma membrane and interferes with cytoskeleton assembly.\[[@ref31]\]

Free radicals ROS and RNS are generated by our body by various endogenous systems, exposure to different physiochemical conditions, or pathological states. A balance between free radicals and antioxidants is necessary for proper physiological function. If the free radicals overwhelm the body\'s ability to regulate them, a condition known as oxidative stress ensues. Free radicals thus adversely alter lipids, proteins, and DNA and trigger a number of human diseases. Hence, application of an external source of antioxidants can assist in coping this oxidative stress.\[[@ref32]\]

Among all the therapeutic modalities adopted to attenuate DOX cardiac myopathy provide the most promising results from combining the drug with a myriad of antioxidants in an attempt to abate oxidative damage in heart tissue and hence to abrogate the cardiac injury.

The present work is designed to investigate the potential cardioprotective effect of the combination of PC and NR against DOX-induced cardiotoxicity.

DOX-induced cardiotoxicity includes one electron reduction of DOX lead to the formation of corresponding semi-quinone free radicals in cardiac monocytes by myocardial CYP-450 and flavin monoxigenase. In the presence of oxygen, these free radicals rapidly donate their electron to oxygen or react with molecular oxygen and initiate cascade of reaction producing ROS. Free radical generation and lipid peroxidation have been suggested to be responsible for DOX-induced cardiac toxicity.\[[@ref29][@ref30]\] Moreover, heart tissue is especially susceptible to the free radical injury because of the low level of free radical detoxifying enzymes such as SOD, CAT, and GSH and less oxygen reserve. Further, DOX also has a high affinity for the phospholipids component of mitochondrial membrane in cardiac myocytes, leading to accumulation of DOX in heart tissue. The cellular GSH level is closely related to lipid peroxidation and disturbances of Ca^++^ influx induced by toxic agents. DOX administration induced oxidative stress in cardiac tissue as manifested by the alteration observed in the cardiac antioxidant defence system both enzymatic and nonenzymatic. Anthracycline drug reduces significantly the cardiac lipid peroxidation as manifested by increased MDA level.

The modulation of antioxidant enzyme activities followed by DOX administration has been discussed in many studies.\[[@ref6]--[@ref9]\] The association between elevated cardiac content of MDA and lowered cardiac content of GSH found in the study strongly proves the oxidative damage caused by DOX. This observation has been supported by the findings of Lazzarino *et al*. and Gustafson *et al*. (1986) who reported that the cardiac content of MDA was increased and GSH content was decreased by administration of DOX to rodents.

It is well documented that long-term treatment by DOX causes irreversible, severe, and potentially life-threatening cardiac damage.\[[@ref33]\] The mechanism involves in such toxicity have been documented by many investigators. The involvement of oxygen free radicals oxidative stress have been strongly accepted as crucial factors in the pathogenesis of DOX-induced cardiac damage.

*p*-Coumaric acid is the phenolic compound widely distributed in the plant and forms a part of human diet.\[[@ref34]\] The mechanism of PC includes binding of metal ions, scavenging of ROS, RNS, or their precursors, up-regulation of endogenous antioxidant enzymes, or the repair of oxidative damage to biomolecules.\[[@ref16]\] Abdel-Wahab *et al*. explains that PC shows potential cardioprotective effects against DOX-induced oxidative stress in rat\'s heart.

Naringenin includes in the class of flavonoids that has a multitude of pharmacological effects. Due to their free radical scavenging activity and iron chelation properties, this drug considers as possible potential protector against DOX-induced cardiac toxicity. NR is the aglycon of the natural glycoside and presents abundantly in grapefruits. Other action includes antithrombotic,\[[@ref35]\] anti-inflammatory,\[[@ref36]\] antiestrogenic\[[@ref37]\] as well as chemopreventive action.\[[@ref38]\] Hossam *et al*. (2005) investigated that NR use as cardioprotective against DOX induced cardiotoxicity.

The combined effect of PC and NR is may be because of their synergistic effects. This combination may act as a hydrogen-donating radicals scavenger by scavenging lipid alkoxyl and peroxyl radical and protect myocardium from DOX-induced injury.

With reference to [Table 1](#T1){ref-type="table"}, prior administration of both PC (200 mg/kg) and NR (15 mg/kg) in combination for 30 days and followed by a single dose of DOX (15 mg/kg) at 30^th^ day was given and then cardioprotective action of combination determined by measuring biochemical parameters such as superoxide dismutase (SOD), catalase (CAT), glutathione (GSH), and malondialdehyde (MDA) as revealed in [Figure 1](#F1){ref-type="fig"}.

![The effects of combination of drug, i.e. *p*-coumaric acid and naringenin on heart SOD, CAT, GSH, thiobarbituric acid reactive substance (TBARS), in normal and doxorubicin (DOX)-induced myocardial infarction in Swiss albino rats. DOX = Doxorubicin, PC = *p*-coumaric acid, Vit = Vitamin, NR = Naringenin. \**P* \< 0.05 is less significant as compared to Group I; \*\**P* \< 0.01 is signifi cant as compared to Group I; +*P* \< 0.05 is less signifi cant as compared to Group II; ++*P* \< 0.01 signifi cant as compared to Group II. Comparison between experimental and control groups were performed by ANOVA followed by Dunnett\'s test for *post hoc* comparison, when appropriate.](PR-3-214-g002){#F1}

Pre-treatment of animal with PC and NR modulates oxidative damage induced by DOX administration.

CONCLUSION {#sec1-5}
==========

In this study, the Swiss albino rats pretreated with combination of drugs, i.e. PC and NR ahead of a single dose of DOX and then determined the effect of this combination of drugs on biochemical parameters such as SOD, CAT, GHS, and MDA.

A result shows that prior administration of drugs leads to ameliorate all biochemical parameters. The study proves the beneficial effects of combination of natural drugs namely PC and NR in protecting the animal against DOX-induced cardiac oxidative damage.

The protecting effect of PC and NR is due to free radical scavenging and iron-chelating properties, hydrogen-donating radicals, scavenger by the scavenging lipid alkoxyl and peroxyl radical. On the basis of our findings, it may be worthy to suggest the concomitant administration of combined dose of PC and NR prior to the DOX use in cancer chemotherapy.
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